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ABSTRACT 
Water samples from the Charlesto n ,  I l l inois water 
supply and selected agricultural run-o f f  areas were 
tested for the presence of organic mutagenic chemica l s .  
The Ames Salmonella/microsome mutagenicity assay 
util izing strains TA98 and TAl O O  was used to analyze 
concentrated water sample s .  A special set of sampl e s  
w a s  exposed to the S9 activation system coupled with 
the TA9 8 strain to simulate the mammalian metabolic 
system. 
No mutagens were detected in any of the samples 
tested .  Several positive and negative control systems 
were included in the testing system. Negative control 
systems were used to determine the average spontaneous 
reversion rates for each strain for each test set.  
Posit ive control systems were utilized to demon strate 
the ability of the strains to expre s s  positive results 
in the presence of known mutagens .  
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IV 
INTRODUCTION 
Public concern over the presence of environmental 
agents that are capable of harming society as a whole 
has i nitiated a very important area of research . 
Studies are being undertaken to evaluate the possible 
environmental impact caused by man-made substances th�t 
are being introduced into the environment . Several 
are a s  are being investigated including the origins of 
----
birth defects and cance r .  
T h e  purpose o f  this study i s  t o  utilize the 
existence o f  short-term mutagenicity a s says to test for 
the p resence of mutagens in municipal d rinking water. 
The Ames Sa lmone lla/ microsome mutagenicity test was 
used to monitor the possible presence of mutagens in the 
Charle ston , I l linois water supp ly . 
S amples were tested from several areas inc luding 
consumer site s ,  the water treatment plant proper , 
pretreated reservoir wate r ,  and samples from several 
selected sites likely to contain contaminant s .  Water 
sample s were collected monthly from each site from 
August 1 9 8 5  to June 1 9 8 6  and tested in the Ame s a s s ay 
using Salmonella tester strains TA98 and TAlOO . 
S e lected samples also were tested with a mammalian 
act ivation system, to better evaluate the potential o f  
metabolized substances a s  mutagen s .  
1 
LITERATURE REVIEW 
Is the water safe to drink? At one time the meaning of 
t hi s  statement was wel l  understood. Be fore the 
introduction of water treatment , drinking water sources 
were of publ i c  concern for many reasons , but mainly in 
relat ion to the spread of infectious diseases (Buncher 
1 97 7 ) .  During the nineteenth century there were several 
cholera outbreaks in the United States that were traced 
to contaminated water supplies .  Other waterborne 
problems have inc luded typhoid , amoebic and bacillary 
dysentary ( Wistreich and Lechtman 1 9 7 6) ,  a s  wel l  a s  
poisonings such a s  with heavy metal and industri a l  waste 
contamination s .  Now, however, the concern for pure 
drinking water does not evolve around a v i s ible threat 
such as organismal disease or quick acting poison s .  
The new- found problems dea l with the presence of 
nonliving contaminants in water supp l ies that may be a 
danger to the basic structure of life (Harris e t  a l .  
1 97 7 ; Cheh et a l .  1 9 8 0 ) .  It has been proven that 
certain substances can damage the DNA structure of c e l l s  
through mutations and cause a change in the basic 
functioning of those cell s .  This change has been shown 
to be a possible cause of embryo malformation and 
somat ic cell dys function causing uncontrolled c e l l  
growth and division, which is known a s  cancer (Guyton 
1 9 81 ) . 
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Until World War II , the origin of cancer was 
believed to be a normal part of the aging process (Doll 
1 9 7 7 ) . The evolution of modern medicine , however ,  has 
been able to prove that many of the cancers that affect 
humans come from chemical agents found in the 
environment .  These sources have been shown to include 
synthe s i zed and natural chemicals for agricultura l ,  
i ndu strial and commercial use plus agents found in the 
hom e ,  food and wate r .  Potential carcinogens have also 
been found in complex mixtures in the environment such 
as diesel exhaust and the composite wastes released from 
various industrial procedures . The incidence o f  human 
cancer has been shown to be directly proportional to 
increases in technology (Goldberg 1 9 7 7 ;  Sobel 1 9 7 9 ;  
Higginson and Muir 1 9 8 1) .  
Modern medicine has yet to possess a total 
under standing of the mechanisms behind the init iation 
and perpetuation of a cancer ce l l .  What i s  known i s  a 
basic comprehension of the workings of a cancer cell 
infe station . The birth of a possible cancer cell 
involves the alteration of the basic genetic regulatory 
systems of a normal somatic ce l l .  The genome o r  genetic 
material of the cell is changed in such a way as to 
prevent the restrictive reproduction that accompanies 
normal cell l i fe . The altered cell , there fore , begins 
reproducing uncontrollably , the possible origin of a 
neoplasm. I f  these cells are not controlled or removed 
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from the infected individual ,  they w i l l  continue to 
reproduce , theoretically forever ,  until they infest vast 
areas of the body. As the masses of altered cells grow 
they will compete with normal cells for nutrients and 
oxygen .  Ultimately, oxygen competition is won by the 
increasing numbers of cancer cel l s , and the normal cells 
eventually die from undernourishment. Finally , when 
enough normal cells die in an essential area or organ , 
the death of the whole individual is the final outcome 
(Karp and Berril 1 9 8 1 ) .  
Besides chemicals several other factors have been 
linked to the development o f  cance r .  These inc lude 
predisposition toward cancer through heredity ( Knudson 
1 9 7 7 ) ,  radiation such as x-rays and ultraviolet rays , 
contact with physical irritants , or even the presence of 
viruses that produce the enzyme reverse transcriptase 
( Do l l  and Peto 1 9 8 1 ) .  Any one of these o r  a l l  of them 
may contribute to the chromosomal alterations that can 
lead to the development of cancerous cel l s .  I n  contrast 
to synthetic chemical mutagens ,  these factors are not 
readily identifiable . Heredity and environmental 
factors such as radiation are not as easily control led . 
Chemicals , on the other hand , are present in every part 
of the environme n t ,  and many are comp letely undetectable 
by those who are exposed. 
Studies of the epidemiology of cancer have produced 
some very interesting findings . Although cancer i s  
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found in every society found on earth , the incidence of 
spec i fic cancers varies greatly from area to area . I t  
has been found that dietary habits can inf luence the 
types of cancer that may be prevelant i n  certain 
sociological regions . Developed countrie s ,  whose people 
tend to eat more meats such as bee f ,  have a higher 
incidence of colon cance r ,  while countries lower on the 
economic scale that tend to eat more f i sh and plant 
matter tend to have a higher prevelance of s tomach 
cancer. Also , developed countrie s have shown to have a 
higher inc idence of brea s t ,  prostate and endometrial 
cancers . Poorer regions show higher l�vels o f  different 
types of cancers such as cervical cancer (Berg 1977). 
It is this human epidemiology of cancers that 
presents the biggest problem in identi fyng controllable 
aspects in preventing cancer. Due to the possible 
exposure factor related to the development of cancer 
there is the presence of a latent period. This period 
is characterized as the time between initial exposure to 
cancer causing agents and the development of the actual 
cancer infection; it i s  believed that this time period 
can be 2 0  to 3 0  years for the deve lopment of some types 
of cance r .  This has been exempli fied by the increase i n  
cigarette smoking by the United States male and female 
populations in the early part of this century and the 
increased incidence of male lung cancer that followed 2 0  
years late r .  Figure 1 shows the rise in cigarette usage 
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Figure 1. U.S. s moking -lung cancer re l atio n s h i p  (Arnes 1 979).  
and the subsequent increase approximately twenty years 
later in lung cancer rates of the male and female 
smoking populations (A..�es 1 9 7 9) .  
The latent period makes it impossible to use human 
epidemiolgy as a primary tool in detecting individual 
carcinogen s .  By the time a �ancer would develop from 
the use of a certain agent it would have been in use for 
the latent period required for the cancer to form. I f  
the latent period i s  2 0  years there will b e  2 0  years 
worth of environmental exposure before the carcinogen 
will present itself a s  a specific cance r .  Even if the 
exposure to this agent is immediately halted there will 
still be the deve lopment of cancer from this agent for 
2 0  more year s .  
Thus , the problem that presents itself i s  the 
deve lopment of ways to identify possible carcinogens 
b efore they can be released into the environment 
(Saffiotti 1 9 7 7 ) . There are over 7 0 , 0 0 0  chemicals now 
being used for industrial , agricultural and commercial 
purpose s ,  and 1 , 0 0 0  new chemicals are added to this list 
each year (Mccann 1 97 6 ) .  Very few of these agents have 
ever been tested for their potential harmful effect on 
the environment or the inhabitants of these 
e nvironment s .  
Until recently the accepted form of carcinogenic 
testing was the analysis of cancer formation in 
experimental animals , usually rats or mic e ,  that are 
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exposed to the suspected agen t .  The main drawback to 
animal tests are cost and time; each substance tested 
requi re s ,  at today ' s  costs ,  over $ 2 5 0 , 0 0 0  and two-to­
three years of testing for a complete evaluation . At 
the present t ime only 2 5 0  chemicals are being tested per 
year through animal testing . There are also other draw­
backs to using these long-term evaluations as the only 
source for testing . Besides the cost and time involved 
only pure substances can be tested, and a t  the present 
time complex mixtures such as multiple chemical produc t s  
cannot b e  evaluated in animal tests ( NRC 1 9 8 3 ) . 
Al so,  there i s  a question a s  to the sensitivity of 
the animal t e s t s .  A normal mouse carcinogenicity test 
involves only a population of 5 0  mice. I f  the substance 
being tested only causes cancer in one out of every 
thousand individuals of the population exposed , there i s  
very little chance , using the environmental dosage , that 
any of  the 5 0  mice will develop cancer. To solve this 
statistical problem, the concentration of the substance 
being tested is increased during its carcinogenicity 
testing. This strategy w i l l  increase the pos sibility 
that a cancer will form i n  sufficient numbers of the 
animals i f  the agent i s  carcinogenic . The question 
involves how well increasing the concentration simulates 
the actual environmental exposure to the substance that 
humans would experience (Weinhouse 1977; Ames 1979). 
The possible answer to this problem i s  the use of 
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short-term carcinogenicity tests as a first line of 
testing for potential carcinogens {Ames et al. 1975; 
Hollstein and Mccann 1979). The idea is to use short­
term tests to weed through the multitude of 
environmental agents; these results are then coupled 
with long-term tests to analyze any subtances that have 
questionable results in the short-term assays. The 
advantages of the short-term tests are many. The most 
significant are the time and expense involved. They are 
relatively inexpensive to run once set up, and it 
generally requires no longer than a few days to obtain 
results. Other advantages of these short-term tests 
involve the versatility of their applications. The 
substances that can be tested range from pure chemicals 
that are synthesized for possible use in the environment 
to complex mixtures that are produced once these 
substances are introduced to the environment. The 
short-term tests also allow for modifications of their 
procedures depending on the specific needs of individual 
laboratories {Deserres and Shelby 1979). This is not 
always possible with animal tests that contain many set 
procedures and require extreme amounts of equipment and 
space. 
There are several short-term tests now in use 
(Purchase et al. 1976). Cell transformation involves 
the use of cultured Chinese hamster cells that are 
exposed to possible carcinogens that could cause a 
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specific cellular reaction. A test known as the Rabin's 
test involves the loss of cellular ribosomes from the 
rough endoplasmic reticulum as an indicator. The 
Drosophila lethal gene test utilizes a strain of fruit 
flies that carries a gene that results in a lethal 
expression if mutated. Sperm abnormalities and the 
formation of micronuclei are evidence of mutagenicity or 
carcinogenicity in some tests (Heddle and Bruce 1977). 
Prokaryote systems are even being utilized; several 
species of bacteria are being used for substance 
evaluation testing (Devoret 1979) . A strain of 
Escherichia coli, a common bacterium, containing an 
viral prophage is being used. If the bacteria are 
exposed to a mutagen a small percentage of the prophage 
will be expressed in such a way as to alter the normal 
character of the bacteria (Moreau et al. 1 9 7 6) . 
But, the most widely used of the short-term tests is 
the Ames Salmonella/microsome mutagenicicty assay (Ames 
et al. 1973). At the present time the Ames test is 
being used in over 2,000 governmental, commercial, and 
academic laboratories throughout the country. The Ames 
test relies on the tie between carcinogenic potency and 
mutagenic potency. The premise of the test is that the 
mutagenic power of a substance can be extrapolated to 
its carcinogenicity. Studies have shown that over 90% 
of all substanpes shown to be mutagenic in the Ames test 
have been proven to be producers of cancer when tested 
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in animal tests (Aines 1979). And on the opposite side, 
over 90% of the agents that had already been found to be 
positive cancer producers in animals were tested and 
found to be mutagenic in the Aines test. There is also a 
similar relationship between the testing of nonmutagens 
verses noncarcinogens (Mccann et al. 1975; Meselson and 
Russel 1977; Mccann and Aines 1976; Aines and Hooper 1978; 
Ames and Mccann 1981). 
The Aines test revolves around the use of a 
genetically altered strain of Salmonella typhimurium. 
The alteration in the bacteria involves a change in one 
of �he genes that is responsible for the production of 
the amino acid histidine. Tester strains are unable, 
therefore, to produce their own histidine. This amino 
acid must be present in the bacterial growth medium or 
the bacteria are unable to survive. The .?-\ffies test 
utilizes a DNA mutation as the basis for its testing 
mechanism. If a culture of the histidine negative 
Salmonella is subjected to a mutagen, a percentage of 
the bacteria will be mutated in such a way as to revert 
the bacteria back to a natural (or wild-type) state of 
being able to produce their own histidine, and they will 
subsequently be able to survive on histidine deficient 
media (Aines et al. 1973). 
Thus, the basic procedure for the test involves the 
introduction of approximately one billion bacteria onto 
a petri plate containing medium void of histidine. Then 
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a potential mutagen is introduced to the plate with the 
bacteria, and the plate is incubated (Maron and Ames 
1983). If the agent is a mutagen a percentage of the 
bacteria will be mutated so they are able to survive on 
the histidine-negative medium and will form detectable 
colonies of growth. In the back mutation system the 
number of bacteria that is able to survive presents a 
quantification of the mutagenicity of a specific agent. 
There are several Salmonella typhimurium strains 
used in the Ames test, but all of these strains utilize 
one of two basic types of mutational mechanisms. One 
set of strains, exemplified by strain TA98, is reverted 
to wild-type by frameshift mutations. This type of 
mutation involves the insertion or deletion of base 
pairs within the DNA double helix. The second type of 
mutation, utilized in the strain TAlOO, is known as 
base-pair substitution. Mutation by this system is 
represented by the substitution of a foreign base-pair 
into the position of an indigenous base-pair. Both 
types of mutation result in a disruption of the base­
pair sequence that alters the normal genetic output of 
the cell's genome (Drake 1970; Ames et al. 1972; Ames et 
al. 1975; Mccann et al. 1975). 
One of the main concerns that evolved from this 
procedure was the fact that some agents require 
metabolic activation before they become actively 
mutagenic. It has been shown that some agents alone are 
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not mutagenic, but upon being subjected to mammalian 
enzymatic activity they are broken down into metabolic 
substituents that have mutagenic activity (Selkirk 
1977) . An example of such substances are foods that 
contain high levels of glycolytic bonds that when 
partially broken down become mutagenically active in the 
intestines (Tamura et al. 1980) . 
To simulate this mammalian metabolic system that the 
bacteria do not possess, an additional component is 
added to the testing system. This component, called the 
S-9 rat liver homogenate fraction, is a mixture of 
enzymes produced within the liver of the rat. The rat 
is subjected to Aroclor 1254, a chemical that induces 
the production of high levels of liver enzymes (Alveres 
et al. 1973). The supernatant from the liver 
homogenate is added to the plate during the Ames test, 
in an attempt to simulate the normal metabolic pathways 
found in the mammalian system. This allows the Ames 
test to mimic a human testing system. 
M utation is a normal part of biological functioning; 
therefore, there is always a small amount of spontaneous 
reversion of the bacteria to the wild-type. Control 
plates containing bacteria not exposed to any potential 
mutagens establish the background average. This 
represents the average number of spontaneous reversions 
of that strain in a particular test. This spontaneous 
reversion rate differs from strain to strain, and 
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Friedrich ( 1982) has shown this count also varies with 
testing procedures between laboratories. Spontaneous 
reversion rates vary from under ten to around one 
hundred colonies per billion tester cells, while 
positive results can produce colony counts in the 
thousands. 
These types of data also allow for the 
quantification of mutagenic potency of a specific agent. 
It is known that the mutagenic ability of different 
chemicals varies up to a million fold; some chemicals 
require only nanograms concentration to exhibit 
mutagenicity while other agents require much higher 
concentration to produce detectable results. Thus the 
population of reverted colonies compared to the 
concentrations of the tested agent allows for the 
evaluation of the substance's mutagenic potency. 
The applications of the Ames test are as wide spread 
as the individuals utilizing the test. Thousands of 
substances have been tested to evaluate their mutagenic 
potentials. The results of these tests have influenced 
decisions as to the future commercial use of many of 
these substances. Vinyl chloride, a by-product of the 
manufacture of plastic, was found to be highly mutagenic 
in the Ames test; it was subsequently tested on animals 
and found to be a strong carcinogenic agent. Vinyl 
chloride had initially been shown in animal tests to be 
non-carcinogenic, but after the Ames findings it was 
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tested more thoroughly and found to be a strong 
carcinogen in animals (Bartsch et al. 1975). 
Phenothiazine tranquilizers which had been used for many 
years were found after photoactivation to become highly 
mutagenic; their use was subsequently stopped (Jose 
1979). Chemical groups such as the polycyclic 
hydrocarbons have been tested and shown to produce 
mutagenic activity (Ames et al. 1972). Many articles 
have been published in which hundreds of specific 
chemicals and chemical groups have been tested for their, 
possible mutagen activity (McMahon 1979). 
As well as pure chemicals, the versatility of the 
Ames test allows for the testing of a wide variety of 
complicated agents. Complex mixtures of many types have 
been evaluated for their ability to damage DNA. Ames 
proved that hair dyes used for decades possess mutagenic 
activity they were never known to contain (Ames et al. 
1975). Automobile and diesel exhaust particles were 
found to display high levels of mutagenicity (Vance and 
Chan 1983; Belisario et al. 1984; Salmeen et al. 1984). 
Combinations of certain foods once exposed to intestinal 
digestion formed substances that could alter DNA 
structure (Tamura et al. 1980). Cigarette smoke 
condensates were collected, concentrated, and presented 
to the Ames bacteria, and they were found to have high 
mutagenic potency (Kier et al. 1974). In addition, the 
urine of smokers was found to possess mutagenic activity 
15 
while the urine of non-smokers had no such capacity to 
mutate the tester bacteria (Yamasaki and Ames 1 9 7 7) .  
The use of macro-reticular resins has allowed the 
largest advancement in the study of complex organic 
mixtures. Organic molecules are drawn to and absorbed 
by these resins (Junk et al. 1 9 7 4 ) . XAD-2, a resin now 
in wide use, traps organic contaminants found in various 
solutions. The advantage of this procedure is the 
ability to concentrate agents that may be present in 
solutions. Due to the fact that many agents may be 
present in small amounts and possess relatively weak 
mutagenic potencies, this allows for the magnification 
of materials present in samples. Also, many times only 
small volumes can be tested at a time, and this 
concentrating method allows for an increased possibility 
of spotting a potential hazard (Burnham et al. 1 9 7 2 ) . 
The XAD resins have proven to be useful in many 
varied situations. The urine of experimental animals 
fed mutagens was concentrated, tested, and found to show 
dose-related results (Aeschbacher and Ruch 1 9 8 2 ) .  The 
mutagenic activity of waste water was tested by 
Rappaport et al. ( 1 9 7 9) ,  using the resin to concentrate 
the waste samples. They found the samples to have very 
high mutagenic activity. The resins also have been used 
to identify the presence of PCB's in sewage and other 
aqueous solutions (Lawrence and Tosine 1 9 7 6 ) . 
But, the largest contribution of the macro-reticular 
1 6  
resins has been in the analysis of drinking water for 
the presence of organic contaminants. Water sample 
concentration coupled with the Ames test has produced 
surprising results. Heartlein et al. ( 1981) conducted 
a study of the municipal drinking water of Bloomington, 
Illinois and found that during a certain time of the 
year the mutagenicity of the drinking water rose to 
unacceptably high levels. Their final analysis 
indicated that agricultural fertilizers from field run­
off were the causative agents. Other studies in Ohio 
and Louisiana have given similar results (Page et al. 
1976; Kuzma et al. 1977; DeRoven and Diem 1977). 
The possible methods by which mutagens infiltrate 
drinking water sources have been suggested by Schwartz 
et al. ( 1979). They purpose that mutagens can enter a 
water supply from one of three main ways. The first, 
and probably most common, method is by the presence of 
pollutants which initial water treatment was unable to 
remove. Secondly, it has been proven that certain 
chlorination techniques produce trace amounts of 
trihalornethanes. Certain of these compounds have been 
shown to be highly rnutagenic, and at the present time 
federal EPA regulations govern the levels of 
trihalornethanes a water treatment plant can legally 
release into drinking water supplies. Finally, it has 
been shown that certain water distribution systems, such 
as those utilizing piping with coal tar seals, may be a 
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source of possible mutagenic activity. In such cases 
the disrtibution system itself is producing mutagens 
(Sinunon and Tardif f 1978). 
The Ames test has been used in all of these studies 
and in many others concerned with drinking water 
contamination. Tester strains TA98 and TAlOO have been 
the main bacteria utilized in these studies. The 
metabolic activation with S9 liver fraction has been 
employed in some o f  the studies. Samples are generally 
concentrated 1000- to 5000-fold so that contaminants can 
more easily be detected. Positive results have been 
found in many of these studies, some proving the 
existence of organic mutagenic agents in drinking water 
supplies. 
In these studies the Ames test coupled with other 
short-term carcinogenicity assays constitutes the first 
tier o f  a multi-step carcinogen identification system. 
This multiple tier system is illustrated by the 
flowchart shown by Figure 2. While no single test can 
give a definitive answer as to the true carcinogenic 
potential of a substance, it can indicate the need for 
further scrutiny through suspicious test results (NRC 
1983). 
The complete testing system, as illustrated in 
Figure 2, although the best method of positive or 
negative carcinogen identification, is unrealistical for 
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SCREENING TESTS 
Level 1 + - 7 ";: 
Presumed Mammalian Presumed Mammalian 
Nonmutagen Mutagen 
I \ 
Decision Decision 
Level 2 
POTENCY COMPAR I SON 
Decision t � .. 
--------------- ------------------ ---------------------
Level 3 
COMPARI SON WITH AVAILABLE �CARC INOGENICITY DATA"" 
Decision Decision 
Level 4 
MAMMAL TEST MAMMAL TEST 
M��Mammalian �e�: 
Nonmutagen Mutagen Evidence Judgement 
! Decision ----------------------- --------------------------------Level 5 
R I SK E STIMATION 
Level 1. Screening o f  a large number o f  substances with 
short-term tests. 
Level 2 .  Classification of agents by mutagenic potency 
according to individual test systems. 
Level 3 .  Consideration o f  available animal 
carcinogenicity data. 
Level 4. Further testing o f  chemicals that are o f  
special importance. 
Level 5. Risk estimation. 
F IGURE 2. Flowchart o f  a complete mutagen assessment 
program (NRC 1983). 
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most facilities to conduct. Many laboratories, 
therefore, utilize the one or two methods of testing 
best suited for their resources. T�e Ames Test has been 
proven to be a reliable tool for mutagen identification 
as well as requiring relatively little equipment and 
time for its testing procedures (Deserres and Shelby 
1979). 
Regardless of the sophistication of the testing system, 
however, it is not possible to conclusively identify the 
true human threat potential because of our lack of total 
understanding of the human body and its environmental 
ties. But tests such as the Ames test can shed some 
light on potential hazards man is being exposed to in 
all aspects of his life and environment. 
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MATERIALS 
Salmonella typhimurium tester strains, TA98 and 
TAlOO, were obtained from Dr. Bruce Ames o f  the 
University o f  Cali fornia, Berkeley. Chemicals were 
purchased, with the following exceptions, from Sigma 
Chemical. The 4-nitroquinoline-N-oxide (NQNO) and 
2,4, 7-trinitro-9-fluorenone (2, 4, 7-TNFone) were ordered 
from Aldrich Chemicals. Aroclor 1254 was purchased from 
Analabs. American Scientific Products supplied the 
Amberlite XAD-2 Resin and the #2 Oxoid Nutrient Broth 
was obtained from Oxoid U.S.A., Inc. The.plastic 
disposable petri plates also were purchased from 
American Scientific Products. 
RECIPIE S 
Vogel-Bonner (VB) Salts E (SOX) 
Ingredient 
Warm distilled water 
Magnesium sulfate 
Citric acid monohydrate 
Potassium phosphate dibasic 
Sodium ammonium phosphate 
Per liter 
�o ml 
10 g 
100 g 
500 g 
175 g 
Ingredients were added in order listed with 
continual stirring, and only a fter previous ingredient 
was dissolved completely. The volume was adjusted to 1 
L, distributed to glass bottles, and autoclaved for 20 
min. 
2 1  
O. S mM biotin solution 
Ingredient 
D- Biotin 
Distilled water 
Per 2SO ml 
--3 o-:-9 mg 
2SO ml 
The biotin was dissolved in boiling water, 
autoclaved for 20 min, and refrigerated in glass 
bottles. 
Sterile histidine solution 
Ingredient 
Histidine hydrochloride 
Distilled water 
Per 400 ml 
-2g 400 ml 
The histidine was added to warm water, stirred until 
dissolved, autoclaved for 20 minutes, and stored 
refrigerated. 
Sterile ampicillin solution 
Ingredient 
Ampicillin trihydrate 
Sodium hydroxide (0.02 N) 
Per 100 ml 
-o.ag -
10 0 ml 
Sterilization is not needed, but solutions were 
stored under refrigeration. 
Ingredient 
Agar 
Distilled Water 
SOX V B  salts 
40% glucose 
Master Plates 
Sterile histidine hydrochloride 
Sterile O. S mM biotin 
Sterile ampicillin solution 
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Per liter 
-lS g 
910 ml 
2 0 ml 
SO ml 
1 O ml 
6 ml 
3.lS ml 
The agar was dissolved into water and autoclaved for 
20 min. The solution was allowed to cool to 
approximately 50 C. The ingredients were then added in 
the listed order. 
Ingredient 
Agar 
Minimal Glucose Plates 
Distilled water 
SOX V B  salts 
40% glucose 
Per liter 
15 g 
930 ml 
20 ml 
50 ml 
Agar was dissolved in boiling water and autoclaved 
for 20 min. Upon slight cooling the V B  salts and 
glusoce were added and mixed thoroughly. When solution 
was cool enough to hold 30 ml was poured per plate. 
0.05 mM histidine/biotin solution 
Ingredient 
D-Biotin 
L-Histidine hydrochloride 
Distilled water 
Per 250 ml 
--30. 9 mg 
24.0 mg 
250 ml 
The biotin and histidine were dissolved in boiling 
water and autoclaved for 20 min. It was poured into 
glass bottles and refrigerated. 
Ingredient 
Agar 
Top Agar 
Sodium chloride (NaCl) 
Distilled water 
Per 200 ml 
- 1--:-2"g-
1.0 g 
200 ml 
The agar and sodium chloride were dissolved in 
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boiling water and autoclaved for 20 min. The top agar 
was stored in 200 ml glass bottles. 
Salt Solution (1.65 M KCl + 0.4 M MgC12) 
Ingredient 
Potassium chloride 
Magnesium chloride 
Distilled water to final volume. 
Per 500 ml 
-6 1. 5  g 
40.7 g 
The ingredients were dissolved in water and 
autoclaved for 20 min. Solutions were stored at room 
temerature (25-27 C. ) .  
0.2 M Sodium Phosphate Buffer, .E.!:! 7. 4 
Ingredient 
0.2 M sodium dihydrogen phosphate 
( 1 3. 8g I 500ml) 
0.2 M disodium hydrogen phosphate 
(14.2g/500ml) 
Per 500 ml 
60 ml 
440 ml 
Solutions were autoclaved for 20 min. and stored 
at room temperature (25-27 C . ) .  
NADP Solution 
Ingredient 
NADP (F.W. 765.4) 
Sterile distilled water 
Per 5 ml 
--383 mg 
5 ml 
The sterile water was added just for use. Once 
mixed any remaining was discarded after use. 
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1 M Glucose-6-phosphate 
Ingredient 
Glucose-6-phosphate (G-6-P) 
Sterile distilled water 
Per 10 ml 
-2-:S 2g 
10 ml 
G-6-P was mixed as with NADP, but remaining solution 
can be frozen for up to 6 months. 
S9 Mix 
Ingredient 
Rat liver S9 (Aroclor 1 254-induced) 
MgC12-KCl salts 
1 M glucose-6-phosphate 
O.T M NADP 
0. 2 M phosphate buffer, pH 7.4 
Sterile distilled water 
Per 50 ml 
-- 2-:0 ml 
1.0 ml 
0. 25 ml 
2.0 ml 
2 5. 0 ml 
19. 75 ml 
All ingredients added were chilled and the solutions 
were on ice. Ingredients were added in the reverse 
order as listed above so that the 59 liver fraction was 
added to a buffered solution. Any remaining 59 mix was 
discarded. 
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M ETHODS 
Culture Establishment: Cultures were established from 
starts received from Dr. Aines. The strains were 
incubated in Oxoid broth overnight at 3 7  C. The 
bacteria were next swabbed on master plates with sterile 
cotton swabs and streaked on separate plates for colony 
isolates. The plates were incubated at 37 C. for 2 
days. This produced the first set of master plates and 
colony isolates for strain integrity testing. 
Masters were re-established every month by taking 
bacteria from previous masters and incubating these 
overnight in Oxoid broth and introducing these back to 
new master plates. This procedure was repeated monthly 
to perpetuate the viability of the tester strains. 
Tests for Strain Integrity: Colony isolates grown from 
strain starts received from Dr. Aines were used to test 
the integrity of the tester strains. The strains were 
checked for the presence of the histidine negative 
character. 
To test for the histidine negative factor, colony 
isolates were incubated in Oxoid broth overnight and 
swabbed on modified master plates that are minus the 
histidine component. These plates were incubated for 2 
days and the number of revertant colonies counted. The 
presense of only small numbers of reverted colonies 
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indicated that the negative histidine factor was intact. 
This factor was checked monthly when the new master 
plates were established. 
Sample Site Selection: Two sets of sites were selected 
for testing. The first set of sites were sampled for a 
ten month period from August 1985 to May 1986 and were 
selected to test the difference if any in the water in 
various areas of the main line system. The second set 
involved various sites inclined to receive possible 
agricultural or industrial run off; these areas were 
tested in April and May 1986. All sites are 
approximated on the map in Fig. 3. 
The areas of sampling for the first set sites were 
the following: 
1 .  The Eastern campus water facility in the Life 
Science building. 
2. The water treatment plant at the main line 
outflow to Charleston water customers. 
3. The north side of Lake Charleston at the water 
treatment intake. 
4. The south side of Lake Charleston at the boat 
docking area. 
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CHARLESTON 
.?.8 
@ 
Sample 
Site 
Figure 3 . 
5. The office of American Hardware in Charleston 
which is at the northern extreme of the 
Charleston Water District. 
6. The Bonanza Office, which is located at the 
north-western corner of the water district. 
7. The west water tower, which represents a main 
water storage facility for West Charleston. 
These sites were chosen by suggestion of the 
management of the water treatment plant as well as the 
ability to access each facility. 
The second set of sites were the following: 
8. A pond 4.5 miles (7. 2 km) south of Charleston 
owned by Henry Stackhouse. 
9. Indian Creek from the bridge of Coles County 
road 1 5 70E . 
1 0 .  The Embarass River approximately 5 miles (8 
km) south of the Charleston dam. 
1 1 .  Log Cabin Pond located 4 miles (6.4 km) south 
of Charleston. 
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1 2 .  The Embarass River just below the Charleston 
dam. 
1 3 .  The Town Branc h ,  a creek running through the 
middle of Char lesto n ,  at the 1 2th Street 
junction. 
1 4 .  The Campus Pond, located just south of Lantz 
Gym at Eastern. 
Sample Collection : Eleven liters of water were collected 
at each site to yield a sample s i z e  of ten liters per 
area (carboy upon draining retained one liter). Samp les 
were placed in one liter plastic containers which were 
rinsed with d i s t i l led water before each use . The water 
samples were then stored in a cool area until 
concentration could be done. 
Concentration: Sample contaminants were concentrated 
using XAD-2 resin to 2 0 0 0  times original leve l s .  
Samples were initially filtered using a Buchner funnel 
apparatus . A 2 0  L carboy was used to hold the sample . 
Ten m i l l i liters of XAD-2 was packed into a 5 0  ml buret . 
The resin was washed with 1 0  ml o f  acetone fol lowed by 
1 0 0  ml of disti lled wate r .  The prepared column was then 
3 0  
mounted on a ring stand and attatched to the storage 
carboy. The column was set to a drain rate of 
approximately 1 0  ml per minut e .  After the sample had 
completely drained, air was run through the column to 
remove any remaining water, but the resin was prevented 
from totally drying . 
Any chemicals retained in the resins were then 
flushed from the column with 1 0  ml of acetone . The 
acetone was evaporated with s light hea t ,  leaving only 
the chemical contaminant res idue s .  These chemicals were 
eluted with 5 ml of DMSO to achieve the final sample 
concentration factor of 2000. 
Sample Testing Phases : Sample testing wa s done in three 
d i f ferent phase s .  The first phase involved the monthly 
testing of sites 1 - 7  without S 9  activation . The results 
were presented into the city of Charleston as a monthly 
report . 
The second phase of testing involved sites 8 - 1 4 ,  
which were sampled once in April and once i n  May . These 
s ites were selected for the possiblity of agricultural 
run-o f f .  Both sets of samples were tested collectively 
a fter the May samples were collected. 
Phase three involved the use of the S 9  activation 
system coupled with the Ames test with selected samples 
that had been �ollected throughout the project . Samples 
selected for testing included the ten month samples from 
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site #2 ( the water treatment plant) , site # 3  (Lake 
Charleston at the treatment plant intake), and the May 
set o f  supplemental sites, 8-1 4 .  
Ames Test Procedures 
Culture Preparation: Cultures were grown i n  Oxoid #2 
broth to a density of 1 - 2  b i llion cells per ml in a 
rotating water bath a t  3 7  C .  This density was found to 
be achieved by inoculating a loop full of bacteria from 
an overnight broth culture into 3 0  ml of Oxoid broth in 
a 1 2 5  ml Er lymeyer flask . The cultures were allowed to 
multipy for exactly eight hours at a s low rotating 
speed . The cultures were then put on ice during plating 
to prevent any further divisions . 
Incorporation Procedures :  The top agar was melted 
thoroughly in boiling water. It was then removed from 
the water and 1 0  ml of 0 . 5  rnM histidine/biotin solution 
was added for every 1 0 0  ml of top aga r .  The top agar 
was then distributed into 1 3  x 1 0 0  mm capped culture 
tubes in a 45 water bath , at 2 ml of top agar per tube . 
The concentrated water samples were added to the tubes 
in 0 . 1  ml quantitie s .  The n ,  0 . 1  ml o f  bacteria was 
added to the tubes . Care was taken to subject the cells 
to 45 C. for a minimal amount of time . Each tube was 
then s l i ghtly vortexed to aid in mixing and quickly 
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poured onto minimal glucose plat e s .  The top agar was 
evenly spread over the plate with a gentle swirling 
motion, al lowed to harde n ,  and then inverted for 
incubation. The plates were placed in an incubator for 
two days at 3 7  C .  at which time the revertant colonies 
were counted . 
The dispersal of samples was as follows. Each of 
the strains , TA98 and TAl O O ,  was exposed to each water 
sample in duplicate s .  Negative controls were included . 
Plates including only culture samples , DMSO plus the 
bacteria , as well as concentrated distilled water 
samples and cu lture were run as negative controls to 
determine the spontaneous reversion rate for each strain 
in each set of tests . 
S 9  Mix Preparation : Rats were first inoculated IP with 
Aroclor 1254 five days before sacrifice . The Aroclor 
was di luted with corn o i l  to a concentration of 2 0 0  mg/ 
ml and was given into the rats in a single injection of 
500 mg/kg of body weigh t .  The rats were then a l lowed 
food and water until the night before sacrifice when 
food was removed . 
On the fifth day after injection the rats were 
k i l le d  by cervical dislocation. The dead animal was 
t ied down and its fur was swabbed with alcoho l .  The 
liver was then removed with sterile instruments ,  placed 
into a preweighed beaker containing approximately 1 ml 
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of iced 0 . 1 5 M KCl per gram of wet live r ,  and its weight 
recorded. The liver was washed thoroughly to remove a l l  
' 
excess blood. It was placed into another beaker 
containing 3 volumes of 0 . 1 5 M KCl ( 3  ml/g wet liver) 
and minced with sterile sci ssor s .  The liver was then 
homogenized using a sterile teflon pestle homogenizer 
and centrifuged for 1 0  m i n .  at 9 0 0 0  �- The supernatant 
( the S 9  fraction) was decanted and placed on ice . 
The S9 mix was prepared as in the recipe section and 
added to the incorporation test . The S 9  mix was added 
( 0 . 5  ml per plate) to the soft agar tube after the 
bacteria were added, so that the S 9  was not exposed to 
high temperature s .  Plate s without bacteria were 
inc luded to monitor the sterility of the S9 sample . 
Posi tive Control Tests 
Control tests were included to check the ability of 
each strain as to its ability to be mutated by a known 
mutage n.  Al so, a procedure to evaluate the ability of 
the concentration technique to successfully trap organic 
contaminants from water samples, a s  well as elution and 
final production of a testable concentrate was utilized . 
Strain Mutagen Sensitivit y :  Each strain was exposed to 
varying concentrations of a substance known to be highly 
mutagenic for that specific strai n .  TA98 (without 
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activation) was tested with 2 , 4 , 7-trinitro-9-f luorenone 
disolved in DMSO .  Sodium az ide in distilled water ( i t  
i s  insoluble i n  DMSO) was utilized for TAl O O  (without 
activation). Strain TA98 with 89 activation was tested 
with 2-aminofluorenone disolved in DMS O .  
Each chemical was dis solved i n  i t s  solvent a t  a 
certain concentration a fter which a number of dilutions 
were made to reach the level of concentration suggested 
by Maron et a l .  ( 1 9 8 3 ) .  
Concentration Technique : A test was included to evaluate 
the validity of the concentration procedures used in the 
proje c t .  The organic mutagen 4-nitroquinoline-n-oxide 
was utili zed in this experiment . First 0 . 1  g was placed 
in 1 0  ml of DMSO and dilutions were made in factors of 
ten to reach a concentration of 10 micrograms per 0. 1 
m l .  Next 0 . 1  g o f  the mutagen was placed i n  5 L o f  
di s t i lled water . This solution was then run through a 
column of XAD-2 resin using the same methods as employed 
for sample concentrations . After elution into DMSO the 
concentrate was diluted to the same extent as with the 
first sample that was not concentrated . To determine i f  
the concentration technique was successful and 100% of 
the chemical had been absorbed and eluted , equal 
volumes of the two diluted samples were plated and 
inoculated with TA98 (without S9 activation) . 
3 5  
RESULTS 
The results of a l l  three phases of this study are 
presented in two way s .  The main set o f  raw data which 
constitutes revertant colony counts and averages i s  
l i s ted i n  table form i n  the appendices .  Comparative 
results of the data are included i n  Figures 4- 29 . 
The first phase of testing i s  represented by figures 
4 through 2 4 .  Figure 4 i l lustrates photographic 
examp l e s  of the positive control test results that were 
inc luded in each set of test s .  Figures 5 and 6 are 
graphic representations of the positive control results 
of  each o f the two strains , TA9 8 and TAl O O  ( see 
appendix Table 1 ) .  The comparisons between the negative 
controls o f  the two strains over the ten month testing 
t ime i s  shown in Figure 7 ( see appendix Tables 2 and 3 ) .  
Figures 8 through 1 4  represent site variation over the 
testing time span while Figures 1 5  through 24 show 
monthly d i f ferences among the sites ( see appendix Tables 
4-10) ( Ja nuary lake samples were not collected due to 
heavy freezing and the August sample for American 
Hardware was not collected) . 
The supplemental testing sites , which represented 
the second phase of testing , are represented by Figure 
2 5  ( see appendix Tables 1 1  and 1 2) .  Thi s  figure 
compares the res·ults of the April and May supplemental 
sites to the negative controls . 
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The final phase of testing , which inc luded the use 
of the 59 activation system, is illus trated in Figures 
26 through 2 9  ( s ee appendix Table 1 3 ) .  59 positive 
controls are illustrated i n  Figure 26. Figure 2 7  
compares the revertant colonies between samples 
collected over the ten months at the Charleston Water 
Treatment Plant with and without 59 activation . Figure 
28 shows the same comparison for the site at the Lake 
Charleston Water Treatment Plant Intake . Finally, 
Figure 29 represents the results of the May supplementa� 
s ite samples when exposed to the 5 9  activation . 
An additional control test , il lustrated in Figure 
30 ( see appendix Table 1 3 ) , was included to compare 
sample and mutagen dose respon se s .  I t  can be observed 
that as the dosage of the known mutagen was increased , 
the number of revertant colonies increased 
proportiona l ly . However ,  as the site sample 
concentration was increased in the same manner ,  no 
increase i n  the revertant colonies could be detected . 
I f  a potential mutagen had been present in the sample , 
a n  increase i n  the colony counts should have been 
presen t .  
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Fig u re 9 .  C h a r l e s t o n  Water Trea t m e n t  P l a n t  ( vv i t h o u t  a c t i v a t i on ) .  
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Fig u re 1 2 . Ameri c a n  H a rd w a re Offic e  ( w it h o u t  a c t ivat ion ) .  
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Fig u re 1 3 . B o n a n z a  Off ice ( w i t h o u t  a c ti va t i o n ) .  
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Fig u re 1 4 . West C h a r lesto n Water Towe r (w i thout  act ivat i o n ) .  
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Fig u re 1 6. Septe m b e r  S a m p l e s  ( w i t h o u t  S9 a c tivat io n ) .  
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Fig u re 1 7 . Octo ber  S a m p l e s  ( w i t h o u t  S 9  a c tivat io n ) .  
Vl 
N 
(() 
Q) -
c 
0 
0 
u 
� 
c 
0 -+-' � 
iJ) > Q) 
Ct::: 
1 00 ����������������--, 
9 0  
8 0  
7 0  
60 
5 0  
4 0  
30 
2 0  
1 0  
"" 
---····-r�·---·····-····---···· .. i�- ----······-- ··· 
I ' I \ / 
/ \ / \ / / \ / \ I I ' ' · I , " -- I \ . 
//'\ 
I \ 
--- .J  \ / •/ 
I \ 
I \ 
/ \ 
--
- ___ 'I.__ ,_------��------,,,,­
..... ..... / 
....... _ 
0 · � 
# 1 # 2  # 3  # 4  # 5  # 6  # 7  
S a m p l e  S ite  
TA9 8 C O NTRO L  
TA9 8 
TA 1 0 0  C O NTR O L  
TA 1 00 
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Fig u re 2 2 .  M a rc h  S a m p l e s  ( w i t h o u t  S 9  activati o n ) . 
V1 
........ 
(i) 
Cl) 
c 0 
0 u 
+--' 
c: 
0 +--' L 
G) > 
<J.) 
er::: 
1 00 
/' ........ / .... ·······- ··· 
9 0  
810 
.,o / 
60 
50 
40 
30 
20 
-····-···-·· ····--r-----------· ., ··--····--
..... ..... ....... 1' ·, _,,, ..... 
'· .-
.J,,, ., I ' ---�� ,., ---
..... ... ........ 
1 0 + , __ _... ------ ...... ..... �---�---�------------
0 .J__�+-�+-�+-�-1--�-1--�-t-�-r---, 
# 1 # 2  # 3  # 4  # 5  # 6  # 7  
S a m ple  S ite 
Fig u re 2 3 .  Apri l S a m p les  (w i thout  S9 a ct ivat io n ) .  
TA9 8 C O NTROL 
TA9 8 
TA 1 00 C O N T R O L  
TA 1 00 
U1 00 
(/) 
(]) 
c 
0 
0 
u 
-+-' c 
0 -+-' L 
Q) > 
Q) 
er::: 
1 00 ����������--�����--, 
9 0  
80 
70 
60 
50 
40 
3 0  
2 0  
1 0  
·
""---
..... __ _ ___ 
, 
,, 
. 
- - - - - - ·' \ \ 
• 
\ ,,,,  \ ,,,,. 
-····-··-····---······--····--·--····--------:?·Ill!:---··· \ .-" 
\.,,-" 
-
- -
- - --
---- -
-- -- - --
. ...... ...... ...... ' 
0 _.__�-+-�-+----+-�-+-�-+----+-�--t-�--;
# 1 # 2  # 3  # 4  # 5  # 6  # 7  
S a m p l e  S ite  
Fig u re 2 4 .  May S a m p l e s  (without  S 9  a ct i v a t io n ) . 
T,�.9 8 CO NTROL 
TA9 8 
TA 1 00 C O NT R O L  
TA 1 00 
Ul 
\D 
(/} 
w 
-
:z 
0 _J 0 u 
f--
:z 
<{ t-
0:::: 
w 
> w 
0:::: 
1 00 -.---���������������---, 
90 
80 
70 
60 
50 
40 
30 
2 0  
1 0  
0 
_ ,,,.. . - --- - - ---
., � 
� ...... 
............. -.-·- ............... ;,- -
,.. ---
,,,, . ,.. .... .. ' 
. ,.. 
�,. 
. 
__
___ 
,.. ···�. 
. ...
...
.... , .. ,,).. 
·' 
.... .......... ·�, 
...... _ 
..........
.
.
.
..
.
.
.
. 
-· 
� ·· .... . ' ' 
-·-·-··········-·····---····-·····-······-····-··· 
___ :a::,.__� ---
#8 # 9  # 1 0 # ·1 1 # 1 2 # 1 3 # 1 4 
SITE 
_ A P R I L  (Tfa,9 8) 
MA'( (TA.9 8 )  
TA9 8 C O l'�TROL 
A P R I L  (TA 1 0 0 )  
MAY (TA 1 00) 
TA 1 00 C O NT R O L  
F ig u re 2 5 .  S u p p l e m e n ta l S it e s  ( w i t h o u t  S9 a c t iva t i o n ) .  
0 
f} , __ tJ) 
....-
m m 
fJ) (f) 
+ 
I� 
l[) 
�') 
....-
0 0 CJ 
0 Lf ) CJ 
('\j () 01 
....- ....-
Sa!UOJOJ 
0 0 0 0 
L[) 0 Lil 0 
r--.. <.D -tj- �(") 
+uo+JaAatJ 86Vl 
60 
<D 
c 
0 Q) L 
0 0 
0-1 ::J 
� 
0 
c 
E 
0 0 
I L 0 +-' l°'\J c 
N 0 '-r- 0 0 
(f) Q) 
t 
> 
+-' 
0 Cf) L 0 
0 (Jl Q_ 0 
() L 0 +-' (/) 
E Q) +' 
CJ) 
(/) 
. 
lO 
(-"\ 0 ._, N 
Lf> (I) ....- L 
::i 
en 
· -
LL 
O'I 
...... 
(/) 
Q) 
c 
0 
0 
(__) 
__, 
"-
0 
-+-' 
' 
'1) > Q) 0::: 
20 
1 8  
I 
1 6 + 
I 
,, I I 4 ' T 
I ·1 . ....., 
L 
1 0  
� u 
6 
4- r 
""'; t L 
0 I I 
B_/.3 
-·········�··· . ;' �-············· 
- --- -
-- �7··· �-·········-····t··· 
- - - -- ' \ I 
' I -·--·--L - · - -
1 0 /' 3 1 2/7 � I  'I ....! ' .L_ 
9112 i 1 //6 2/'5 4/ 1 
D a te of S a m p l e  ( 1 9 8 5 - 8 6 )  
c:.. / 2 
'--' / 
SAM P L E  + S 9  
SA�1l P L E  - S 9  
C O NTROL + S 9  
CONTROL -- S9 
' 
F ig u re ? 7 .  TA98 S 9  Test  ( C h a rl esto n Water  Treatrri e n t  P l o n t ) .  
°' 
N 
u-, 
Q) -c: 
0 
0 
(_) 
� 
c 
0 -+-' L. 
Q) > <D 
er:: 
2 0  
1 8  
1 6 
.., 4 j • 
1 2  
1 0  
8 
6 
4 
--��'\·�················-���-1-·\·>·:::·==·=·==·-bL� 
-----�"----r-' / 
v 
,-) : I I I I I I I +-
Q 1' 3 �_J / 1 0/3 1 2 ;17 3// 2 5/2 
9/12  1 1  ;1 6 2 / 5  4/ 1 
D a t e  o f  S a m p l e  ( 1 9 8 5 - 8 6) 
SAM P LE + S 9  
SAM P L E  - S 9  
C O f'� T R O L  + S 9  
C O  f'.J T R O L  - S 9 
F i g u re 2 8 .  TA95 5 9  Te s t  ( La k e C h a r l e s t o n  a t  P l a n t  I n t a k e ) .  
O'\ 
w 
Cf) 
Cl) 
c 
0 
0 
() 
-+-' 
c 
0 
t 
(]) > (1) 
� 
2 0  .,.---����������������--, 
1 8  
1 6 
1 4  
1 2  
1 0  
8 
6 
4 
2 
----"' / ' / \ 
--·····---····--�·-··--·-ti'-----�-----·······-···---···-·· 
' / \ '-/ \ 
\ --
· - - · - - ·  - - · - - · - - · - - - - - - - -�-_,;-: __ 
0 ..__�--�--�--�----��t--�-+-�-+-�� 
#8 # 9  # 1 0  # 1 1 # 1 2  # 1 3  # 1 4  
Site 
F ig u re 2 9 .  TA9 8  S9 Te st  ( M ay S u p p l e m e n t a l  S i t e s ) . 
SAM PLE + S 9  
SAM P L E  - S 9  
C O N T R O L  + S 9  
C O NT R O L  - S 9  
°' 
� 
2 , 4 , 7 - t ri n it ro - 9 - f l u o r e n o n e  ( 0 . 1 m i c r-o g r o rr1 s ;/0 . 1 111 1 )  
([) 
Q) -
c 
0 
0 
(_) 
-+-' 
c 
0 -+-' \.._ 
Q) > Q) 
O::::'. 
6 5 0 0 . 0  
5 4 1 6 . 7  
4 3 3 3 . 3  
3 2 5 0 . 0  
2 1 6 6 . 7  
1 0 83 . 3  
0 I I tz.:'.::j V<(\ VLJ� V '<) CG«j ---f 
0 . 0  0 . 2  0 . 4  0 . 6  0 . 8  1 . 0  
m l .  of s a rn p l e 
Fi g u re 3 0 .  TA9 8  P o t e n cy C o m p a ri s o n s  CN i thout  
- 2 , 4 , 7 -T N Fo n e  
- tv1 o �/ La k e  
c: ,  .. � 
....._,,) ......  a c t  i ,,.. CJ t i c- n ) . 
D ISCUSS ION 
These studies detected no positive mutagenic 
activity at any sample site at any time , relative to 
negative and positive control tests . Samples never 
varied significantly from the spontaneous reversion 
backgrounds (negative controls) . I t  can be deduced from 
these results that there were no organic mutagens 
present in sufficient amounts to produce positive 
result s .  Samples were concentrated to 2 0 0 0  times 
original levels, and any mutagens would have 
expressed themselves had they been present i n  
potentially harmful amount s .  
Positive control tests i n  all phases o f  the study 
demonstrated susceptibility o f  the tester strains to 
potential mutagene s i s .  Phase one and two included 
positive controls which for a l l  test sets consistently 
demonstrated sufficient strain sensitivity to potential 
mutagen s .  The third phase contained a positive control 
to monitor the quality of the S9 mix for the presence of 
adequate enzymatic activity . Plates containing the S 9 -
requiring mutagen without S 9  had revertant colony counts 
similar to the negative controls, while plates having 
the mutagen and S9 showed counts in the thousands ( Table 
1 2 ) . There fore, it can be concluded the S 9  test would 
have been successful in spotting mutagens requiring 
metabolic activation had any been present. 
65 
The purpose of this study was not only to monitor 
the water of the Charleston are a ,  but a l so to 
demon strate the value of the Ames test in identifying 
possible environmental threats to man . I t  can be hoped 
that studies similar to this one shed light on the 
potential hazards present in the environment ,  and that 
these hazards can be identified before they can harm any 
part of the population . 
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APPENDIX 
7 8  
Table 1 .  Positive control s .  
WITHOUT S 9  ACTIVATION 
STRAIN MUTAGEN 
TA98 
2 , 4 , 7-trinitro-
9-f luorenone 
TAl O O  
Sodium Azide 
MICROGRAMS 
PER PLATE 
0 . 1  
1 . 0  
1 0 . 0  
1 . 5  
1 5 . 0  
1 5 0 . 0  
TA98 S 9  ACTIVATION TEST 
--( 2-arninofluorene) 
M ICROGRAMS 
PER PLATE 
----
2 . 0  
2 0 . 0  
S 9  
+ 
+ 
+ 
+ 
79 
COLONIES 
> 1 5 0 0  
> 1 5 0 0  
> 3 0 0 0  
> 3 0 0 0  
> 5 0 0 0  
> 5 0 0 0  
> 1 0 0 0  
> 1 0 0 0  
> 3 0 0 0  
> 3 0 0 0  
COLONIES 
5 1 3  
4 5 7  
8 
1 0  
> 1 5 0 0  
> 1 5 0 0  
1 2  
1 5  
Table 2 .  TA98 Negative Control s .  
MONTH 
August 
September 
October 
November 
December 
January 
February 
March 
April 
May 
CULTURE 
1 4  
1 4  
1 0  
9 
2 2  
9 
1 6  
2 1  
1 6  
1 7  
1 3  
1 5  
2 7  
1 7  
1 0  
1 2  
8 
9 
1 0  
1 2  
9 
8 
2 2  
2 1  
1 2  
1 4  
1 4  
1 4  
1 0  
9 
9 
1 4  
1 3  
8 
1 1  
1 3  
1 4  
1 6  
+DMSO 
9 
8 
1 8  
1 5  
1 7  
1 5  
1 6  
1 5  
1 6  
2 1  
2 4  
9 
8 
1 1  
8 
1 4  
1 0  
8 0  
+dH20 
1 0  
8 
1 3  
1 7  
1 2  
1 8  
7 
1 3  
1 3  
1 0  
1 3  
1 0  
1 5  
2 0  
1 1  
7 
1 7  
1 2  
1 0  
9 
n x s 
8 1 0 . 2 5  2 . 4 3  
7 1 6 . 57 4 . 5 0 
8 1 5 . 3 8  2 . 0 7 
4 1 6 . 0 0 8 . 4 1  
8 1 1 . 6 2 2 . 8 8  
8 1 1 . 6 2 2 . 8 8 
8 1 8 . 6 2 4 . 3 4  
8 1 0 . 2 5 2 . 6 0 
8 1 1 . 5 0 3 . 1 6 
8 1 2 . 1 2  2 . 4 7  
Table 3 .  TAl O O  Negative Control s .  
MONTH 
August 
September 
October 
November 
December 
January 
February 
March 
April 
May 
CULTURE 
8 9  
1 0 4  
9 4  
1 0 7  
9 2  
8 7  
9 7  
9 5  
79 
8 8  
7 0  
7 8  
6 5  
6 3  
8 4  
8 6  
8 9  
9 2  
8 4  
8 6  
8 9  
9 2  
5 4  
59 
5 6  
6 0  
9 2  
8 7  
9 7  
9 5  
8 9  
9 3  
9 0  
9 5  
7 3  
7 4  
7 0  
7 8  
+DMSO 
9 6  
9 2  
9 9  
9 1  
6 5  
5 6  
1 0 1  
8 0  
1 0 1  
8 0  
6 5  
66 
8 2  
9 9  
9 8  
9 5  
8 7  
7 9  
8 1  
+dH20 
1 0 9  
1 0 4  
9 0  
8 0  
7 8  
5 8  
7 8  
5 8  
1 0 2  
8 9  
1 0 2  
8 9  
5 6  
5 3  
9 0  
8 0  
9 1  
9 9  
8 6  
8 5  
n 
8 
8 
8 
4 
8 
8 
8 
8 
8 
8 
x s 
9 9 . 3 8  7 . 5 2 
9 1 . 3 8  6 . 0 2 
7 1 . 5 0  1 1 . 2 1  
6 6 . 00 8 . 5 2  
9 0 . 3 8  7 . 7 6  
9 0 . 3 8  7 . 7 6 
5 8 . 6 2 4 . 8 4  
9 1 . 3 8  6 . 0 2 
9 3 . 7 5 3 . 6 5  
7 9 . 0 0 6 . 4 6  
Table 4 .  Eastern Lab . 
DATE OF 
MONTH SAMPLE 
August 8 / 1  
September 9 / 1  
Octobe r 1 0 / 3  
November 1 1 / 5  
December 1 2 / 8  
January 1 / 1  
February 2 / 2  
March 3 /  2 
April 4 / 1  
May 5 / 2  
TA98 
1 0  
8 
1 3  
2 2  
1 4  
1 6  
1 6  
1 6  
1 5  
1 4  
9 
1 8 . 
2 1  
1 9  
9 
1 3  
2 0  
1 2  
6 
7 
x 
9 . 0  
1 7 . 5  
1 5 . 0  
1 6 . 0  
1 4 . 5  
1 3 . 5  
2 0 . 0  
1 1 . 0  
1 6 . 0  
6 . 5  
8 2  
TAlOO 
1 0 9  
1 0 4  
8 0  
9 1  
7 6  
7 0  
5 5  
5 3  
7 4  
8 9  
6 4  
7 9  
4 5  
5 8  
8 2  
9 9  
9 3  
9 9  
8 0  
9 5  
x 
1 0 6 . 5  
8 5 . 5  
7 3 . 0  
5 4 . 0  
8 1 . 5  
7 1 . 5  
5 1 . 5  
9 0 . 5  
9 6 . 0  
8 7 . 5  
Table 5 .  Charleston Water Treatment Plant.  
MONTH 
DATE OF 
SAMPLE 
August 8 / 3  
September 9 / 2  
October 1 0 / 3  
Novembe r 1 1 / 6  
December 1 2 / 7  
January 1 / 2  
February 2 / 5  
March 3 / 2  
Apr il 4 / 1  
May 5 / 2 . 
TA98 
1 5  
8 
2 5  
3 1  
1 9  
1 4  
3 1  
2 8  
1 2  
1 0  
1 3  
1 2  
2 2  
2 4  
8 
1 4  
1 1  
8 
8 
7 
8 3  
x 
1 1 . 5  
2 8 . 0  
1 6 . 5  
2 9. 5  
1 1 . 0  
1 2 . 5  
2 3 . 0  
1 2 . 0  
9 . 5  
7 . 5  
TAl O O  
1 1 0  
1 0 2  
8 5  
9 8  
59  
5 5  
6 5  
7 1  
6 5  
6 6  
7 3  
9 5  
5 9  
5 8  
8 3  
77  
8 7  
9 7  
8 9  
8 6  
x 
1 0 6 . 0  
9 1 . 5  
5 7 . 0  
6 8 . 0  
6 5 . 5  
8 4 . 0  
5 8 . 5  
8 0 . 0  
9 2 . 0  
8 7 . 5  
Table 6 .  Lake Charleston a t  Treatme�t Plant Intake . 
DATE OF 
MONTH SAMPLE 
Augus t  8 / 3  
TA98 x TA l O O  x 
1 4  
1 1  1 2 . 5  
1 5 5  
1 5 8  1 5 6 . 5  
September 9 / 2  
October 1 0 / 3  
November 1 1 / 6  
December 1 2 / 7  
January 
February 2/ 5 
March 3 / 3  
April 4 / 1  
May 5 / 2  
1 8  
1 3  
1 4  
1 5  
1 7  
1 5  
7 
8 
NC 
NC 
1 3  
1 5  
8 
9 
1 2  
9 
8 
1 1  
8 4  
1 5 . 5  
1 4 . 5  
1 6 . 0  
7 . 5  
1 4 . 0  
8 . 5  
1 0 . 5  
9 . 5  
9 5  
9 1  
4 8  
5 5  
5 5  
5 3  
6 2  
8 7  
NC 
NC 
4 2  
4 5  
1 0 5  
8 8  
8 7  
8 6  
9 2  
9 3  
9 3 . 0  
5 1 . 5  
54 . 0  
74 . 5  
4 3 . 5  
9 6 . 5  
8 6 . 5  
9 2 . 5  
Table 7 .  South-side Lake Charleston . 
DATE OF 
MONTH SAMPLE 
Augus t  8 /3 
September 9 / 2  
October 1 0 / 3  
November 1 1 / 6  
December 1 2 / 7  
January 
February 2 / 5  
March 3 / 3  
April 4 /  1 
May 5 / 2  
TA98 
7 
9 
1 8  
1 6  
1 0  
1 3  
1 4  
1 0  
1 1  
8 
NC 
NC 
1 8  
2 2  
7 
9 
9 
7 
9 
1 2  
8 5  
x 
8 . 0  
1 7 . 0  
1 1 . 5  
1 2 . 0  
9 . 5  
2 0 . 0  
8 . 0  
8 . 0  
1 0 . 5  
TAl O O  
1 2 5 
1 1 8  
8 6  
9 6  
7 0  
6 0  
5 3  
5 0  
7 2  
9 0  
NC 
NC 
5 4  
6 4  
7 6  
8 0  
1 0 3  
9 5  
8 8  
9 9  
x 
1 2 1 . 5  
9 1 . 0  
6 5 . 0  
5 1 . 5  
8 1 . 0  
5 9 . 0  
7 8 . 0  
9 9 . 0  
9 3 . 5  
Table 8 .  American Hardware Office . 
MONTH 
August 
DATE OF 
SAMPLE 
September 9 / 6  
October 1 0 / 7  
November 1 1 / 8  
December 1 2 / 9  
January 1 / 2  
February 2 / 7  
March 3 / 3  
Apri l  4 / 1  
May 5 / 2  
TA9 8 
NC 
NC 
1 5  
1 9  
1 0  
1 9  
1 9  
1 7  
8 
1 3  
1 2  
1 7  
1 7  
1 2  
1 3  
1 0  
1 3  
9 
1 2  
1 0  
x 
1 7 . 0  
1 4 . 5  
1 8 . 0  
1 0 . 5  
1 4 . 5  
1 4 . 5  
1 1 . 5  
1 1 . 0  
1 1 . 0  
8 6  
TAl O O  
NC 
NC 
1 0 3  
8 7  
6 4  
7 9  
6 3  
7 0  
8 1  
9 4  
7 4  
8 0  
6 1  
5 5  
1 0 2  
9 0  
9 7  
8 7  
6 9  
7 8  
x 
9 0 . 0  
7 1 .  5 
6 6 . 5  
8 7 . 5  
7 7 . 0  
5 8 . 0  
9 6 . 0  
9 2 . 0  
73 . 5  
Table 9 .  Bonanza 
DATE OF 
MONTH SAMPLE 
August 8 / 7  
September 9 / 6  
Octobe r 1 0 / 7  
November 1 1 / 8  
December 1 2 / 9  
January 1 / 2  
February 2 / 7  
March 3 / 3  
Apri l  4 / 1  
May 5 / 2  
Office . 
TA98 
--
1 2  
1 3  
6 
1 6  
2 0  
1 1  
2 2  
1 5  
1 0  
1 3  
7 
1 3  
1 9  
2 4  
1 4  
9 
6 
1 4  
1 4  
1 7  
8 7  
x 
1 2 . 5  
1 1 . 0  
1 5 . 5  
1 8 . 5  
1 1 . 5  
1 0 . 0  
1 6 . 5  
1 1 . 5  
1 0 . 0  
1 0 . 5  
TAl O O  
1 0 4  
1 0 3  
8 6  
9 5  
5 3  
5 0  
50 
4 8  
6 9  
9 1  
7 7  
8 9  
4 7  
6 3  
8 9  
9 7  
8 7  
8 4  
7 5  
8 3  
x 
1 0 3 . 5  
9 0 . 5  
5 1 . 5  
4 9 . 0  
8 0 . 0  
8 3 . 0  
5 5 . 0  
9 3 . 0  
8 5 . 5  
7 9 . 0  
Table 1 0 .  West Charleston Water Tower .  
MONTH 
DATE OF 
SAMPLE 
August 8 / 8  
September 9 / 6  
October 1 0 / 7  
November 1 1 / 8  
December 1 2 / 9  
January 1 / 2  
February 2 / 6  
March 3 / 3  
April 4 / 1  
May 5 /  2 .  
TA98 
9 
1 3  
1 9  
2 0  
1 3  
1 0  
2 2  
2 1  
1 5  
1 3  
23 
1 2  
1 7  
1 8  
7 
8 
1 1  
1 0  
7 
5 
x 
1 1 . 0  
1 9 . 5  
1 1 . 5  
2 1 . 5  
1 4 . 0  
1 7 . 5  
1 7 . 5  
7 . 5  
1 0 . 5  
6 . 0  
8 8  
TAlOO 
1 2 2  
1 1 0 
1 0 2  
9 8  
4 5  
4 8  
6 1  
6 4  
6 3  
8 9  
8 0  
7 4  
5 0  
5 9  
8 6  
9 6  
8 4  
9 1  
8 6  
8 1  
x 
1 1 6 . 0  
1 0 0 . 0  
4 6 . 5  
6 2 . 5  
7 6 . 0  
7 7 . 0  
5 4 . 5  
9 1 .  0 
8 7 . 5  
8 3 . 5  
Table 1 1 .  April Supplemental Site s . 
SITE 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 4  
SAMPLE 
DATE 
4 / 2 1  
4 / 2 1  
4 / 2 1  
4 / 2 1  
4 / 2 1  
4 / 2 1  
4 / 2 1  
TA98 
COLONIES 
9 
1 3  
1 2  
1 1  
1 2  
9 
1 0  
9 
1 0  
8 
9 
8 
9 
7 
x 
1 1 . 0  
1 1 . 5  
1 0 . 5  
9 . 5  
9 . 0  
8 . 5  
8 . 0  
8 9  
TAl O O  
COLONIES 
8 5  
8 2  
9 1  
8 4  
8 8  
9 4  
9 7  
9 5  
9 8  
9 5  
9 9  
8 9  
8 7  
8 0  
x 
8 3 . 5  
8 7 . 5  
9 2 . 0  
9 6 . 0  
9 6 . 5  
9 4 . 0  
8 3 . 5  
Table 1 2 .  May Supplemental Sites . 
S I TE 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 4  
SAMPLE 
DATE 
5 / 1 3  
5 / 1 3  
5 / 1 3  
5 / 1 3  
5 / 1 3  
5 / 1 3  
5 / 1 3  
TA98 
COLONIES 
1 1  
1 0  
9 
8 
1 0  
1 0  
8 
7 
6 
8 
9 
6 
7 
9 
9 0  
x 
1 0 . 5  
8 . 5  
1 0 . 0  
7 . 5  
7 . 0  
7 . 5  
8 . 0  
TAl O O  
COLON IES 
9 3  
9 0  
8 5  
9 9  
9 5  
8 8  
8 7  
8 3  
8 6  
8 7  
8 6  
9 4  
8 6  
8 8  
x 
9 1 .  5 
9 2 . 0  
9 1 . 5  
8 5 . 0  
8 6 . 5  
9 0 . 0  
8 7 . 0  
Table 1 3 .  S 9  Test Result s .  
SAMPLE 
SITE DATE S9 COLONIES x 
2 8 / 3  + 5 
+ 8 6 . 5  
7 
1 1  9 . 0  
2 9 / 2  + 14 
+ 1 2  1 3 . 0  
9 
8 8 . 5  
2 1 0 / 3  + 8 
+ 1 0  9 . 0  
7 
1 0  8 . 5  
2 1 1 / 6  + 1 1  
+ 1 0  1 0 . 5  
1 0  
8 9 . 0  
2 1 2 / 7  + 7 
+ 9 8 . 0  
1 3  
6 9 . 5  
2 2 / 5  + 1 5  
+ 9 7 . 0  
8 
1 0  9 . 0  
2 3 / 2  + 8 
+ 1 1  9 . 5  
1 4  
6 1 0 . 0  
2 4 /  1 + 1 9  
+ 1 2  1 5 . 5  
7 
8 7 . 5  
9 1  
SAMPLE 
SITE DATE S 9  COLONIES x 
2 5 / 2  + 1 5  
+ 1 3  1 4 . 0  
7 
1 4  1 0 . 5  
3 8 / 3  + 7 
+ 1 6  1 1 . 5  
1 3  
1 0  1 1 . 5  
3 9 / 2  + 1 5  
+ 1 4  1 4 . 5  
7 
9 8 . 0  
3 1 0 / 3  + 1 1  
+ 1 5  1 3 . 0  
6 
7 6 . 5 . 
3 1 1 / 6  + 6 
+ 8 7 . 0  
1 0  
7 8 . 5  
3 1 2 / 7  + 8 
+ 1 4  1 1 . 0  
6 
5 5 . 5  
3 2 / 5  + 5 
+ 8 6 . 5  
1 0  
8 9 . 0  
3 3 / 3  + 9 
+ 5 7 . 0  
7 
1 0  8 . 5  
9 2  
SAMPLE 
SITE DATE S 9  COLONIES x 
--
3 4 / 1  + 6 
+ 8 7 . 5  
9 
8 8 . 5  
3 5 / 2  + 1 5  
+ 1 3  1 4 . 0  
7 
1 4  1 0 . 5  
8 5 / 1 3  + 19  
+ 1 0  1 4 . 5  
1 2  
9 1 0 . 5  
9 5 / 1 3  + 9 
+ 1 2  1 0 . 5  
7 
1 4  1 0 . 5  
1 0  5 / 1 3  + 1 3  
+ 1 1  1 2 . 0  
1 0  
7 8 . 5  
1 1  5 / 1 3  + 2 2  
+ 9 1 5 . 5  
7 
1 2  1 0 . 5  
1 2  5 / 1 3  + 1 2  
+ 7 9 . 5  
4 
1 1  7 . 5  
9 3  
SAMPLE 
SITE DATE 
1 3  5 / 1 3  
1 4  5 / 1 3  
NEGATIVE CONTROLS 
POSITIVE CONTROLS 
2 0 . 0  micrograms 
of 
2-aminof luorene 
per plate 
2 . 0  micrograms 
of 
2-aminof luorene 
per plate 
S 9  
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
FOR S9 
+ 
+ 
+ 
+ 
9 4  
> 
> 
COLONIES 
1 4  
1 1  
9 
6 
7 
1 6  
1 0  
6 
1 1  
9 
6 
1 2  
5 
8 
8 
9 
1 5 0 0  
1 5 0 0  
1 2  
1 5  
5 1 3  
4 5 7  
8 
1 0  
x 
1 2 . 5  
7 . 5  
1 1 . 5  
8 . 0  
9 . 5  
7 . 5  
> 1 5 0 0  
1 3 . 5  
4 8 5 . 0  
9 . 0  
